An efficient synthesis of arbutin, 4-hydroxyphenyl-D-glucopyranoside (1), in both α-and β-anomeric form, starting from penta-O-acetyl-α(β)-D-glucopyranoside (2) and 4-hydroxyphenylacetate (3) was developed. The BF 3 ·Et 2 O-catalysed glycosylation reaction of 2 with 3 proceeds with complete retention of anomeric configuration.
Introduction
β-Arbutin is a naturally occuring glycoside found in several common medical plants. [1] [2] [3] [4] [5] Among them, the bearberry leaves (Arctostaphylos uvae ursi) is a widely used source of this important pharmaceutical active substance. 6 The arbutin-containing plant-drugs have been used for the treatment of urinary infections and as depigmenting agent. [7] [8] [9] The first synthesis of arbutin starting from tetra-O-acetyl-α-bromo-D-glucopyranoside and hydroquinone was described in early 20 th centaury. 10 However, the first practical synthesis of arbutin from penta-O-acetyl-β-Dglucopyranoside and hydroquinone monobenzylether is based on the POCl 3 -mediated glycosylation. 11 More recently developed syntheses of β-arbutin by Lewis acid-catalysed glycosylation of 2,3,4,6-tetra-O-acetyl-1-O-trifluoroacetyl-α-D-glucopyranose with hydroquinone, 12 or by employing tributyltin phenoxides 13 suffer from several disadvantages: the use of expensive 1-trifluroacetyl-sugars, very toxic organotin reagents, or partial isomerisation at the anomeric position takes place.
Finally an alternative synthesis of β-arbutin based on enzymatic glycosylation (α-amylase from Bacillus macerance) of hydroquinone with glucose was reported.
14 The synthesis was conducted in an aqueous buffered media furnishing both anomeric arbutins in reasonable yields but with tedious work-up. Nowadays, an efficient, inexpensive and scalable route to pure arbutin is still a great challenging area for both academic and industrial chemists. 
Results and Discussion

Scheme 1
Boron trifluoride etherate was proved to be the most efficient glycosylation catalyst as it provided clean reaction and high conversions within reasonable reaction times. 20 In addition to dichloromethane, other chlorinated solvents such as chloroform, tetrachloromethane or 1,2-dichloroethane have been tested in order to achieve higher reaction temperatures and thus higher conversions within shorter reaction times. 
Preparation of 4-hydroxyphenylacetate (3).
To a mixture of hydroquinone diacetate (6, 19 .41 g, 0.1 mol) and hydroquinone (5, 11.01 g, 0.1 mol) in toluene (60 ml), sulfuric acid (0.1 ml, 184 mg, 1.9 mmol, 2 mol%) was added. The reaction mixture was refluxed with stirring under nitrogen for 1 h. The reaction mixture was cooled, diluted with toluene (60 ml), washed with water (3x50 ml), dried (Na 2 SO 4 ), filtered, and evaporated to dryness. The crude 4-hydroxyphenylacetate (30.18 g, 99.2%) was obtained as colourless waxy crystals, mp 57.5-60 o C, single spot on TLC, and used in the further synthesis without an additional purification. An analytical sample was prepared by preparative chromatography of crude product (2.00 g), R f = 0.43, on a silica gel (200 g) column by using CH 2 Cl 2 /2-PrOH (9.5:0.5) as an eluent followed by recrystallization from n-hexane to give 1.87 g (94%) of pure 4-hydroxyphenylacetate (3) 
General procedure for penta-O-acetyl-α,β-arbutin (4a,b)
To a solution of penta-O-acetyl-β-D-glucopyranoside (2b, 3.90 g, 10 mmol) and 4-hydroxyphenylacetate (3, 2.28 g, 15 mmol) in 50 ml of anhydrous (CaH 2 ) dichloromethane, a solution of BF 3 ·Et 2 O (50%, 2.5 ml, 10 mmol) was added. The resulting reaction mixture was refluxed for 72 h. After being cooled, the reaction mixture was vigorously stirred with saturated aqueous NaHCO 3 solution (50 mL) for 1 h. The organic layer was separated, whereas the aqueous layer was extracted with dichloromethane (2x25 ml). The combined extracts were dried (Na 2 SO 4 ), filtered and evaporated. From the residual viscous yellowish oil, 3.01 g (62%) of pure penta-O-acetyl-β-arbutine (4b), R f = 0.64, was isolated by preparative chromatography over silica gel with CH 2 Cl 2 /2-PrOH (9.5:0.5) as an eluent; mp 142. Penta-O-acetyl-α-arbutin (4a, 2.89 g, 60%) was prepared by the same procedure as described above, but employing penta-O-acetyl-α-D-glucopyranoside (2a 
